ROOM THERMOMETER 





Just add an A/D converter and a few discrete LEDs to this 


temperature sensor chip and you get a simple thermometer. 


This application builds an accurate and stable thermometer 


displaying room temperature with a resolution of 1 °C. 


The MAX6610 from MAXIM is a rela- 
tive newcomer to the field of tempera- 
ture sensing IC’s. The chip has a built- 
in voltage reference and an analogue 
output scaled to simplify integration 
with an 8 or 10-bit A/D converter (see 
textbox). A simple room thermometer 
does not usually require such precision 
and we run a risk of being accused of 
using a sledgehammer to crack a nut 
but the chip is quite versatile and this 
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application provides a useful introduc- 
tion to some of the features of the 
device. For more information on this 
device see the inset. 

The complete room thermometer block 
diagram is shown in Figure 1. The 
MAX6610 precision temperature sen- 
sor outputs an analogue signal that’s 
linearly proportional to temperature. 
The signal is converted into a digital 
value by the 8-bit MAX152 analogue to 


digital (A/D) converter. Only five bits 
of the output byte are used by the 
decoder to light a single LED to indi- 
cate room temperature. Finally two 
monostables (monoflops) are used to 
generate all the timing signals neces- 
sary to control events in the circuit. 
The first produces the conversion sig- 
nal to the A-D converter while the sec- 
ond controls a MOSFET in the power 
supply line to maintain power to the 
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circuit during the measurement 
process. After an adjustable period it 
switches the thermometer off. It is only 
necessary to press S1 briefly to acti- 
vate the circuit and the temperature 
will be displayed for a few seconds. 


On closer inspection 


Figure 2 shows the complete circuit 
diagram of the room thermometer. IC1 
contains the temperature sensing ele- 
ment and can be used in the tempera- 
ture range from —40 °C to +125 °C. The 
sensor contains an on-board reference 
so that it does not require any calibra- 
tion and is designed to interface with 
an analogue to digital (A-D) converter. 
It outputs a reference voltage of 
2.560 V from pin 5. Pin 4 is the ana- 
logue TEMP output; the voltage level 
at this pin is proportional to tempera- 
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Figure 1. The room thermometer block diagram. 


the output of the ADC if the displayed 
temperature range is limited from 
+5 °C (0101 0000) to +36 °C (0111 
1111). The codes between these tem- 
peratures are not repeated. Table 2 
lists the digital output values for tem- 
peratures within this range. 

Each degree is represented by a sin- 
gle LED so a total of 32 LEDs are 
required if a temperature range of 
32 degrees is to be displayed. A 4 to 
16 way decoder is used to decode bits 
D1 to D4 from the output f IC2. The 
least significant bit, DO, is used to 
switch either transistor T3 or T4, these 
drive two columns of eight LEDs. T4 is 


conducting when DO output is low 
while T3 conducts when D0 is high. 
This arrangement effectively produces 
a 5 to 32-way decoder function. Only 
one of the green LEDs will be lit at any 
one time so current limiting on each 
column can be performed by a single 
resistor (R6 and R7). 

Although the decoding is available to 
display a temperature range of 32 °C 
this can be reduced by simply omitting 
any LEDs that are not required. The 
circuit diagram shows just 15 LEDs fit- 
ted to display a range from +15 °C to 
+29 °C. Any other range can be chosen 
providing it falls within +5°C to 36°C. 


Table 1. Correlation between temperature, sensor output voltage 


and digitised measurement value. 






































ture. If an 8-bit A-D converter is used Temperature VremP ADCdez ADChex ADChin 
to produce a digital value each single -40 °C 0.350 V 35 23 0010 0011 
bit change corresponds to exactly 1° C -20 °C 0.550 V 55 37 0011 0111 
temperature change. With a VREF of 10° 
2.560 V and an 8-bit A-D converter -10°C 0.650 V 65 Al 0100 0001 
each bit change of the output is equal -5 °C 0.700 V 70 46 0100 0110 
to an input change of 10 mV. IC1 pro- 0°C 0.750 V 75 4B 0100 1011 
duces an output signal with a charac- z 
teristic of 10 mV/K with a DC offset of +5°C 0.800 V 80 50 0101 0000 
0.750 V. The voltage Vrgyp is given by: +10 °C 0.850 V 85 55 0101 0101 
+15°C 0.900 V 90 5A 0101 1010 
VTEMP = 750 mV + Tx 10 mV 
i i +20 °C 0.950 V 95 5F 0101 1111 
(with T in °C) 
+25 °C 1.000 V 100 64 0110 0100 
+30 °C 1.050 V 105 69 0110 1001 
Table 1 shows the output from an A-D = 
converter represented as decimal +35 °C 1.100 V 110 óE 0110 1110 
(dec) hexadecimal (hex) and binary +40 °C 1.150 V 115 73 0111 0011 
(bin) values. +50 °C 1.250 V 125 7D 0111 1101 
The sensor will be used at room tem- 5 
peratures so it is not necessary to dis- +80 °C 1.550 V 155 9B 1001 1011 
play the complete temperature range. +100 °C 1.750 V 175 AF 1010 1111 
Table, 1 shows that we oniy'needito +125 °C 2.000 V 200 C8 1100 1000 
look at the least significant five bits at 
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Figure 2. The circuit diagram showing test points and voltage levels. 




































































Table 2. Digitised temperature values within measurement range. Temp erature 
Temperature VIEMP ADCpin T3 / T4 Ic3 sampling 

+5 °C 0.800 V 0101 0000 T4 Q8 The MAX152 (IC2) 8-bit A-D converter 
+6 °C 0.810 V 0101 0001 T3 Q8 operating from a +3 V supply is used 
to digitise the analogue output voltage 
+7 °C 0.820 V 0101 0010 T4 Q? from IC1. A logic low on the read input 
+8 °C 0.830 V 0101 0011 T3 Q9 (RD, pin 8) and the chip select input 
m 7 . . 7 (CS, pin 13) configures IC2 to stand- 
> alone mode so that a pulse at the WR 
He 0.920 V 0101 1199 G Ol (pin 6) input will cause the converter 
+18 °C 0.930 V 0101 1101 T3 Q14 to sample the analogue input voltage 
+19 °C 0.940 V 0101 1110 TA Q15 and output its digital value. The digi- 
z tal data is valid approximately 2 us 
moe 9:70 N Ot B Ql5 after the rising edge of the WR pulse. 
+21 °C 0.960 V 0110 0000 T4 QO Figure 3 shows the timing diagrams 
+22 °C 0.970 V 0110 0001 T3 Qo corresponding to the numbered test 

+23 °C 0.980 V 0110 0010 T4 Ql Poms onthe Circuit: . 
c y y y E Pressing S1 switches power to the cir- 
+24 °C 0.990 V 0110 0011 T3 Ql cuit and starts the temperature meas- 
+25 °C 1.000 V 0110 0100 T4 Q2 uring process. The monoflop IC4.B sup- 
126 °C 1010 V 0110 0101 T3 Q2 plies the WR pulse to the A/D con- 
verter but the start of this pulse is 
abi ae i ae as delayed (T1 = 500 us) by C3 and R9 to 
+31 °C 1.060 V 0110 1010 T4 Q5 allow the temperature sensor (IC1) to 
+32 °C 1.070 V 0110 1011 T3 Q5 stabilise before its output is sampled. 
= The WR pulse width (T2 = 1 us) is gov- 
+33 °C 1.080 V 0110 1100 14 Q6 erned by R10 and C2. The conversion 
+34 °C 1.090 V 01101101 T3 Q6 time (T3) of IC2 is approximately 2 us 
+35 °C 1.100 V 0110 1110 T4 Q7 so the output signals to the decoder 
A (IC3) and transistors T3/T4 will be sta- 
es ee OO B 24 ble after a total time of T1+T2+T3 
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(503 us). This time period is so short 
that any LED that may incorrectly light 
during this period should go unnoticed. 
The trigger for monoflop IC4.A is also 
produced by the C3/R9 network during 
power-up and generates a 3-second 
pulse (pin 10) to switch transistor T2 
and MOSFET T1. The MOSFET is con- 
nected in parallel to $1 so the pushbut- 
ton can be released and monoflop 
1C4.A ensures that the circuit will stay 
powered for about 3 seconds. 

Resistor R8 discharges the supply at 
the end of the timing period to ensure 
that the supply voltage falls to zero rel- 
atively quickly when the circuit 
switches off (Figure 3). At the end of 
the 3-second measurement period the 
inverting output of IC4.A (pin 9) will go 
high and residual charge in the supply 
is discharged through R8. This ensures 
that the circuit will be ready to take 


A precision temperature sensor 


The MAX6610/MAX6611 is a temperature sensor with a built-in 
voltage reference. The digital output is conveniently scaled so that 
when it is connected to an 8-bit A/D converter the LSB of the out- 
put is equivalent to 1 °C change of temperature. With a 10-bit 

A/D the output LSB is equal to a temperature change of 0.25 °C. 
The reference output features a proprietary temperature-coefficient, 
curvature-correction circuit and laser-trimmed thin film resistors that 
result in a maximum temperature coefficient of 50 ppm/°C and an 
initial accuracy of +0.5 %. During normal operation the maximum 
current consumption is 250 pA, this is reduced to 1 pA in shut- 
down mode. The supply voltage range is 4.5 V to 5.5 V for the 
MAX6611 and 3.0 V to 5.5 V for the MAX6610. 


The MAX6610/MAX6611 reference output voltage can be used by 
an external A/D converter. It can supply a maximum of 1 mA with 
a maximum loading capacitance of 1 pF. The reference voltage has 
been chosen so that if an 8-bit A-D converter is used each step 
value of the digital output represents a 10-mV change of the ana- 
logue input voltage. A 10-bit A-D converter will offer greater reso- 
lution with each step in output representing 2.5 mV change of the 
analogue input. 


The analogue temperature output voltage is a linear function of the 
chips die temperature: 


VTEMP =1.2V+ (T°C x16 mV/°C) [MAX661 1) 
Vreme = 0.75 V + (T°C x 10 mV/°C) [MAX6610) 
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Figure 3. Timing waveforms at the circuit test points. 


another temperature reading again rel- 
atively quickly after each measure- 
ment cycle is completed. 


(030441-1) 


The slope of the output voltage is equal to Vper/256 per °C 

(16 mV/°C for the MAX6611 and 10 mV/°C for the MAX6610). 
The MAX6610/MAX6611 have an active low shutdown input 
(SHDN). In this mode the reference voltage is pulled to ground 
via a 150 kQ resistor and the TEMP output is switched into a 
high impedance state. Current consumption in this mode is less 
than 1 pA. SHDN should be connected to Vcc if this feature is 
not needed. 


If the MAX6610/MAX6611 is used to measure the temperature of 
an active component for example, the chip must be mounted in 
close proximity to or on that 
component. There is a good 
thermal path between the 
sensing element in the chip 
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and its external pins, this nA 
ensures that the device will = 1G 
accurately measure the tem- # 14 
perature of the PCB on z 12 
which it is mounted. > n 
The MAX6610/MAX6ó61] É vs 
is a low-power device and T 04 
the self-heating effect pro- og 


duced by its own power dis- 
sipation is negligibly small. 
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